Introduction
============

Plants generally serve innumerable purposes and can be used in the form of food, textile and shelter, as medicine and in religious practices[@R1]. The ethnomedicinal use of plants is an ancient practice that is still very relevant up till date. Medicinal plants are to a great extent considered affordable, reliable and constitute a cultural heritage to rural and most urban people[@R2]. Medicinal plants are of abundant importance to the health of individuals and societies. The use of traditional medicines and medicinal plant in most countries as therapeutic agents had help in the maintenance of good health and production of local herbal drugs. Also, the frequent use of these plants had indeed fuelled the awareness of medicinal plants been a re-emerging health relief[@R3]. In Nigeria, like in other countries, traditional medicines are used in treating a lot of health conditions such as infertility, mental disorder, and fractures[@R4].

Moreover, one of the leading causes of male infertility today is microbial infection of the genital tract or semen[@R5],[@R6]. Pellati et al[@R7] observed that infections of the male genitourinary tract account for up to 15% of cases of male infertility. Qualitative and quantitative sperm alterations have been shown in recent studies to be due to acute and chronic infections, resulting in the inflammation of the male reproductive system, thereby compromising the sperm function and the entire spermatogenetic process[@R8]. Further deterioration of spermatogenesis, obstruction of seminal tract and effect of spermatozoa function may be caused by cellular reactions against microbial agents or by direct influence of pathological bacterial strains on gametogenic cells[@R9]. Semen contamination by bacterial, generally originate from the urinary tract of patients or can be transmitted by the partner via sexual intercourse[@R10]. Though the effect of bacteriospermia on sperm quality is still said to be controversial, many studies have however examined the impact of genital tract infections on male infertility[@R11]. Considering the problems of infertility in our society and the pain and anxiety caused by the inability of couple to procreate, microbiological investigation of the semen of male partners to detect microbial agents causing infertility can be useful intervention at resolving the problems of infertility[@R6],[@R12]. Following ethnomedical reports, *Cymbopogon citratus* (Lemon grass) have been implicated in treating some microbial infections such as urinary tract infection, skin eruptions and in managing general infertility[@R13].

The proximate and nutrient analysis of eatable fruits, vegetables and medicinal plants play a critical role in assessing their nutritional significance. It has become indispensable with various medicinal plant species used as food along with their medicinal benefits, that evaluating their nutritional significance will further provide the required understanding of the value of these plant species[@R14]. Lemon grass no doubt will have noteworthy bioactive compounds having been implicated in many health issues as have been noted previously and in other studies[@R13],[@R15],[@R16]. Lemon grass is widely used for medicinal purposes and orally consumed. Therefore, it becomes necessary to establish its toxic status.Toxicity, a biological safety tool is said to be the damage made on an organism by any substance[@R17]. These effects can be on organisms such as animal, bacterium, or plant, as well as the effect on a sub-structure of the organism, such as cell (cytotoxicity) or the liver (hepatotoxiity). The toxicity of a sample can be accessed by the evaluation of macroscopic and microscopic parameters where the rate of chromosome breakage and damage will be used to predict mutagenesis. The *Allium cepa* assay is one such assay that have been explored. The *Allium cepa* is a plant widely used for cytotoxicity and genetoxicological studies. This assay is a sensitive test that have been use to determine cyto-genotoxic effects of various chemical substances[@R18],[@R19]. The importance of the test cannot be over-emphasized as it has provided information on toxicity prevention in the environment and as a useful bio-indicator for genetoxicity[@R20]. The test which have been adjudged to be more sensitive for detecting toxicity and genotoxicity than other tests have provided the pathway to identify the presence of pesticides in foods as well as in the environments[@R21],[@R22]. This has however raised the bio-monitoring level as the onion roots are said to be sensitive to a wide range of toxic materials[@R23].

*Cymbopogon citratus Stapf* (DC) commonly called lemon grass is a tall, Asian grass; long known for its attractive scent and medicinal properties. It is a dense, clump - forming grass. The strap-like leaves are 0 -- 5.1cm wide, 3ft long and have graceful dropping tips, releasing a citrus aroma when crushed. The green leaf is simple, linear and has a blade length of 18 -- 36 inch. The inflorescences are about 30 -- 60 cm long and partial inflorescences are paired racemes of spikelet subtended by spathes.Earlier report on the biological activities of the essential oils and various leaf extract/fractions of *C. citratus* abound in literature. These include ascaricidal activity[@R24], analgesic activity[@R25], anti-amoebic activity[@R26], antibacterial activity[@R27],[@R28], anticonvulsant activity[@R29], antimalarial activity[@R30], anti-mycobacterial activity[@R31] and dermatitis producing effects[@R32]. Traditionally a decoction of the entire plant is applied externally on wounds and bone fractures. A hot water extract of the dried leaves is taken orally as a hypotensive and for catarrh and rheumatism[@R33]. Again, a decoction of the dried leaves and stem taken orally by the Egyptians is a renal antispasmodic diuretic while the entire plant is said to repel snakes[@R34]. The extract of the dried root in hot water is taken orally for diabetes while that of the dried leaves is used to treat ulcer, bruises, skin eruptions and urinary tract infections[@R35]. In Nigeria, a decoction of the leaves as reported by Erhabor et. al[@R13] can be used to manage weak erection and general infertility ailments.

This study therefore was undertaken to determine the antimicrobial effects against microorganisms isolated from semen, qualitative phytochemical properties and *cytogenotoxicological* effects of the aqueous extract of *C. citratus* leaf.

Materials and methods
=====================

Collection and identification of plant material
-----------------------------------------------

Healthy matured leaves of *C. citratus* were collected in June 2014 from Benin City, Nigeria. The plant with a voucher specimen (UBHp0185) was authenticated by Prof MacDonald Idu and deposited at the herbarium of the Department of Plant Biology and Biotechnology, Faculty of Life sciences, University of Benin, Nigeria.

Preparation and extraction of plant material
--------------------------------------------

The collected leaves were initially rinsed under running tap water and air dried on laboratory tables at room temperature. The leaves were dried in the oven at a set temperature of 40°C for 15minutes. The plant was reduced to fine powder with the aid of a mechanical grinder and stored in tightly covered glass jars until required. The powdered leaf sample (1250 g) was extracted using a Soxhlet extractor with 2500 ml of distilled water. The extract was concentrated to dryness using the water bath at a temperature set at 45°C. Water was used as the extracting solvent following its wide use in traditional medicine in preparing most herbal concoctions.

Evaluation of antibacterial activity
------------------------------------

### Collection of semen samples

The semen samples were collected following the method described by Ekhaise and Richard[@R6]. The seminal fluid specimens were collected from five male patients with secondary infertility, attending fertility clinic at two private hospitals in Benin City, Nigeria. The samples were collected using the masturbation method. The collected samples were immediately taken to the laboratory.The study was exempted from any formal ethical approval by the Institutional ethics committee of the University of Benin. The requisite for consent was waived and considered unnecessary by the Institutional ethics committee.

### Isolation, identification and standardization of bacteria isolates

The respective sperm specimens were streaked on blood agar and nutrient agar and incubated for 24 hrs at 37°C. The bacterial species after incubation were identified via gram staining and appropriate biochemical tests following standard procedures as described by Cheesbrough[@R36] .A loop full of stock culture of the organism was inoculated onto 5 ml of sterilized Muller-Hinton agar and incubated for 24hrs. 0.2ml of overnight culture of the organisms were inoculated onto 20ml of sterile nutrient broth and incubated for 3--5 hrs. The turbid level of the culture was compared with 0.5 Mac-Farland to standardize the culture to 10^6^cfu\\ml.

### Susceptibility testing

Following the procedure pronounced by Emeruwa[@R37], 0.5ml of the standardized culture was spread onto a sterile plate to achieve confluent growth. Fifteen milliliters (15 ml) of Muller-Hinton agar at 45°C was added to each plate and the plates were rocked for even spread and proper mixing of bacteria and agar. The plates were allowed to solidify and holes of 6mm diameter was bored on the surfaces of the agar medium using a sterile cork borer and the holes seeded with molten agar. The reconstituted extract (0.2ml) was introduced into the holes while an aqueous solution of the standard antibiotics (chloramphenicol) concentrations served as positive control. The plates were allowed to stand for 30 minutes for pre-diffusion of the extract to occur and then incubated at 37°C for 24hrs. The zones of inhibition were measured to the nearest mm using a meter rule. The mean of duplicate results were taken.

### Determination of minimum inhibitory concentrations (MICs)

Initially, bacterial strains cultured overnight at 37°C on nutrient broth were adjusted to a final density of 10^6^ cfu\\ml. The respective strains was used to inoculate the 96-well microtitre plates with serial dilutions of the extract and positive control ranging from 12.5--0.098 mg/ml under aseptic conditions. The plates were incubated under aerobic condition at 37°C and examined after 24hrs. As an indicator of bacterial growth, 40µL of 0.2 mg/ml piodonitrotetrazolium violet (INT) was added to the wells and incubated for 30 minutes at 37°C. As a measure of the biological activity of the organisms, the colourless tetrazolium salt will be reduced to a red-pink formazan. Each treatment was performed in triplicate and a complete suppression of growth at a specific concentration of the extract indicated by a clear solution was used in determining the minimum inhibitory concentration of the extract[@R38]. The positive control was chloramphenicol while the diluent-10% DMSO served as the negative control.

### Determination of minimum bactericidal concentrations (MBCs)

The values were determined by taking out a loop full of the respective bacterial suspension from the MIC microtitre plates that did not show any growth and sub -cultured into nutrient agar plates. The plates were incubated and the concentrations at which no visible growth was observed were recorded as MBC.

### Phytochemical and proximate analysis

The qualitative chemical test was carried out on the aqueous extract of *C. citratus* leaves using previously reported procedures[@R39],[@R40]. The various food parameters in the sample were also estimated[@R41].

Cytogenotoxicological analysis
------------------------------

### Source and preparation of materials

The bulbs of the common purple variety of *Allium cepa L.* was used in the study.The comparatively similar onions in size and weight were purchased in Benin City, Nigeria. The onions were stored in dry and well aerated conditions for several weeks before use. The other materials include dilute HCl (1N HCl), ethanol:acetic acid (3:1), distilled water, tap water, slides, cover slips, meter rule and acetone orcein dye.

In preparing the onion bulbs, the dried, mouldy and those with shooting green leaves were discarded. The outer scales of the selected bulbs were carefully removed with hand while the dried root tips at the base of the bulbs were shaved off carefully with a new sharp razor blade to expose the fresh meristematic tissues. The method described by Olorunfemi et al[@R42] was adopted for this bioassay.

### Macroscopic and microscopic evaluations

The shaved bulbs which were initially placed in distilled water were removed and placed on a soft layer of tissue paper to take out excess water. The bulbs were rinsed with distilled water to protect the primordial cell from drying[@R23]. Immediately, the base of five onion bulbs each were individually placed into the appropriately labelled 80 ml plastic cups containing freshly prepared aqueous extract of the lemon grass at different concentrations(0.25 mg/ml, 0.50mg/ml, 0.75mg/ml and 1.00 mg/ml) as well as the control (distilled water).The cups were all kept in the dark with the test samples and control daily changed over an exposure period of 4 days. The roots of each of the onion bulb at each of the concentrations were excised using a forceps and their length measured (cm) respectively. The percentage root growth inhibition (overall mean root length of test solution/ overall mean root length of control X100) as well as the morphology of the roots were assessed.

Following the exposure of another set of five onion bulbs to the test samples (corresponding to each concentration) and control for 48 hours as described above, the microscopic evaluation was carried out. There after the exposed bulbs were carefully removed and the root tips excised and placed in lithium bottles containing the fixative (ethanol and acetic acid; 3:1). This was to prevent the root from becoming dried as well as not to compromise the rate of dividing cells undergoing mitosis as at the time of collecting the root. The root tips were removed after 24 hours from the lithium tubes and placed in carefully labelled petri dishes containing dilute HCl (1N HCl). The petri dishes were carefully placed in an oven at 65°C for 3 minutes. This procedure was carried out to soften the tissues of the root tip for maceration. The roots were thoroughly rinsed thrice with distilled water and following standard procedures[@R43] the slides were prepared. The slides were viewed under the light microscope. Cells were scored for frequency and type of chromosome aberrations in the dividing cells for each concentration. Mitotic index was computed by determining the mitotic cell frequency at the tip as number of dividing cells/total number of cells X 100 while the mitotic inhibition was determined using the following formula: mitotic index in control --- mitotic index in treatment/ mitotic index in control X 100. The frequency of Chromosomal aberration was ascertained by: Number of Aberrant cells/ Total number of cells counted X 100. Photomicrographs of different stages were taken using an Olympus model microscope with a 5 mega pixel eye pixel digital camera.

Statistical analysis
--------------------

Some of the data were expressed as mean ± standard error of mean while others as mean ± Standard Deviation. All data were analyzed using Statistical Package for the Social Sciences (SPSS) 16.0 computer software package.

Results
=======

Antimicrobial activity
----------------------

The inhibitory activities of the aqueous extract of the leaf of *Cymbopogon citratus* against the test organisms are depicted in [Table 1](#T1){ref-type="table"}. The highest zone of inhibition of 21 mm was recorded against *Staphylococcus saprophyticus* at a concentration of 50mg/ml, while the lowest of 2 mm was recorded against *Proteus mirabilis* at the concentration of 25mg/ml. The result from [Table 1](#T1){ref-type="table"} revealed that there was no observable measurable zone of inhibition recorded against *Proteus mirabilis* at all the listed concentrations and at 50mg/ml against *Proteus mirabilis* and *Escherichia coli*. The minimum inhibitory concentrations (MIC) and the Minimum bactericidal concentrations (MBC) of the aqueous extract of *C. citratus* are displayed in [Table 2](#T2){ref-type="table"}. It was observed that the extract had MIC of 1.56 mg/ml against *Escherichia coli, Klebsiella pneumoniae* and *Staphylococcus saprophyticus*, while at 3.13 mg/ml against *Proteus mirabilis*. There was however no inhibitory effect recorded against *Pseudomonas aeruginosa*. The extract had the same MBC values of 3.13 mg/ml against all test organisms except *Pseudomonas aeruginosa* with no observable activity. The positive control had an MIC range of 0.098 to 1.563 mg/ml and an MBC range of 0.195 to 3.125 mg/ml ([Table 2](#T2){ref-type="table"}).

The reference drug (chloramphenicol) was seen to have inhibitory effect against all the test organisms particularly at the highest concentration of 50 mg/ml ([Table 3](#T3){ref-type="table"}).

###### 

Effect of various concentrations of the aqueous leaf extract of *Cymbopogon citratus* on test organisms

  Test organisms       Concentrations of   Extract (mg/ml)   
  -------------------- ------------------- ----------------- ------------
  *P. aeruginosa*      NMZI                NMZI              NMZI
  *P. mirabilis*       3.33±0.88           2.00±0.02         NMZI
  *E. coli*            4.00±1.15           2.00±0.05         NMZI
  *S. saprophyticus*   21.33±1.20          17.67±1.20        12.67±0.88
  *K. pneumoniae*      13.00±1.15          7.00±0.28         3.00±0.58

Values are mean ± SEM (zone of inhibition in mm); n = 2;NMZI: No measurable zone of inhibition

###### 

Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of aqueous extract of *C. citrates*

  ---------------------------------------------------------------
  *Test*\             Aqueous extract   Control           
  *organisms*                                             
  ------------------- ----------------- --------- ------- -------
  *Escherichia*\      1.56              3.13      0.781   1.563
  *coli*                                                  

  *Klebsiella*\       1.56              3.13      0.195   0.391
  *pneumoniae*                                            

  *Proteus*\          3.13              3.13      0.195   0.391
  *mirabilis*                                             

  *Staphylococcus*\   1.56              3.13      0.098   0.195
  *saprophyticus*                                         

  *Pseudomonas*\      NA                NA        1.563   3.125
  *aeruginosa*                                            
  ---------------------------------------------------------------

NA= No activity;Control = Chloramphenicol

###### 

Antibiogram profile of test organisms with zones of inhibition (mm)

  Organisms            Concentrations of Chloramphenicol (mg/ml)             
  -------------------- ------------------------------------------- --------- -----------
  *E. coli*            \-                                          \-        10.0±0.04
  *K. pneumonia*       4±0.03                                      10±0.02   18.0±0.02
  *P. mirabilis*       \-                                          10±0.02   16.0±0.05
  *P. aeruginosa*      \-                                          \-        12.0±0.03
  *S. saprophyticus*   10±0.03                                     15±0.02   24.0±0.03

**KEY**: - = No effect; n = 2

Phytochemical studies
---------------------

The qualitative phytochemical analysis reveals that saponins, flavonoid, glycoside, carbohydrate, steroids, terpenoid, and alkaloids were present both in the extract and the raw powdered sample. The absence of tannins, phenol and antraquinones were observed in both samples ([Table 4](#T4){ref-type="table"}). The percentage composition on dry weight basis of the aqueous extract and crude powdered sample of *C. citratus* leaf are presented in [Table 5](#T5){ref-type="table"}.

###### 

Qualitative phytochemical screening of the aqueous extract of *Cymbopogon citratus* leaf

  ---------------------------------------------
  Chemical\        Aqueous\   Crude powdered\
  components       extract    sample
  ---------------- ---------- -----------------
  Saponin          \+         \+

  Flavonoids       \+         \+

  Carbohydrate     \+         \+

  Phenol           −          −

  Tannins          −          −

  Steroid          \+         \+

  Anthraquinones   −          −

  Terpenoids       \+         \+

  Alkaloids        \+         \+
  ---------------------------------------------

Key: + = presence of chemical component; − = absence of chemical component

###### 

Proximate composition (%) of the leaf of *C. citratus*

  Components      Aqueous extract   Crude powdered sample
  --------------- ----------------- -----------------------
  Moisture        37.51±0.006       10.40±0.003
  Ash             2.11±0.003        4.32±0.003
  Fat             10.20±0.003       15.30±0.003
  Fiber           6.31±0.002        7.27±0.003
  Crude Protein   14.27±0.003       15.76±0.004
  N.F.E           29.61±0.005       47.01±0.012

Values are mean±SEM of 3 determinations on dry weight basis; N.F.E= nitrogen free energy

Cytogenotoxicological analysis
------------------------------

Macroscopic examination of *Allium cepa* roots showed that, unlike the control, there was a significant concentration dependent inhibition of root growth by the aqueous extract of *C. citratus* at different concentrations ([Table 6](#T6){ref-type="table"}) Chromosomal aberrations induced in *Allium cepa* exposed in different concentration of the aqueous extract of *C. citratus* showed multiple bridge/ polar, sticky chromosome, disoriented chromosome with polar deviation, vagrant chromosomes, and spindle disturbance cell ([Table 7](#T7){ref-type="table"})

###### 

Effect of aqueous leaf extract of different concentrations of *C. citrates* on root length of *Allium cepa*

  -----------------------------------------------------------------------------------
  Concentrations\   Mean root length ± S.E.\   Overall Number\   \% Root growth of\
  (mg/ml)           (cm)                       of Roots          Control
  ----------------- -------------------------- ----------------- --------------------
  Control           4.54±0.75                  100               100

  0.25              2.74±1.13                  86                60.35

  0.50              2.24±0.25                  85                49.34

  0.75              1.91±0.34                  72                42.07

  1.00              1.84±1.36                  47                40.53
  -----------------------------------------------------------------------------------

n=5

###### 

Cytogenotoxicological analysis of *Allium cepa* root cells exposed to *C.citratus* leaf aqueous extract

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Extract\          Total number\      Number of\       Mitotic index\   Mitotic\     Bridges   Stickiness   Vagrant   Laggard   C-mitosis   Polar deviation   Disturbance\   Multipolar   \% Aberrant\
  concentrations\   of cells counted   dividing cells   ±.SE             inhibition                                                                            cell                        Cell ±SE.
  (mg/ml)                                                                                                                                                                                  
  ----------------- ------------------ ---------------- ---------------- ------------ --------- ------------ --------- --------- ----------- ----------------- -------------- ------------ --------------
  Control           2023               219              10.83±0.32       0            1         1            2         1         \-          \-                \-             \-           0.25±0.25

  0.25              2123               189              8.90±0.26        17.82        4         4            4         1         \-          2                 1              1            0.80±0.61

  0.50              2041               172              8.42±0.26        22.16        8         6            5         6         2           4                 1              4            1.76±0.80

  0.75              2214               167              7.80±0.27        27.98        7         9            8         3         3           3                 2              3            1.77±0.98

  1.00              2201               161              7.31±0.26        33.50        8         8            7         7         1           4                 2              2            1.77±1.00
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

n = 5

Discussion
==========

Generally, the development of new chemotherapeutic agents from plants have made them important sources of potentially useful compounds[@R44]. The identified organisms (*Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, Proteus mirabilis* and *Staphylococcus saprophyticus*) from the semen of patients with secondary infertility following cultural, morphological and biochemical tests were found similar to the organisms earlier reported by Ekhaise and Richard[@R6]. This probably suggest that the organisms are common pathogens associated with male infertility.

The aqueous extract of *C. citratus* leaves showed inhibitory activities against all the tested organisms, indicating a relatively good antimicrobial activity. This result is similar to earlier work by Ekhaise and Richard[@R6], which isolated similar bacteria from the sperm of patients attending the infertility clinic of the University of Benin Teaching Hospital (UBTH), Nigeria, except for *Pseudomonas aeruginosa* and, *Proteus mirabilis* which at the lowest concentration of the aqueous extract of *C. citratus* leaf showed no measurable zone of inhibition ([Table 1](#T1){ref-type="table"}). A previous report by Khan et al[@R45] indicated that the aqueous extract of *Calamus aromaticus* leaf was ineffective against similar organisms (*E. coli, P. mirabilis, S. saprophyticus*) used in this study. This was however dissimilar to the observation obtained from this study. The antibacterial activity of the extract was observed to be concentration dependent. Furthermore, inhibition zones ≥10 mm are considered active[@R46] which indicates that the aqueous extract was particularly active against *S.saprophyticus* and *K.pueumoniae* ([Table 1](#T1){ref-type="table"}). The highest zone of inhibition was recorded against all the test organisms at the highest concentration of 50 mg/ml. The antibiogram result of the reference drug was also most active at the highest concentration of 50 mg/ml ([Table 3](#T3){ref-type="table"}). It was observed that the extract of the plant was most effective against *Staphylococcus saprophyticus* (21.33±1.20 mm) and moderate against Escherichiacoli (4.0±1.15 mm), *Proteus mirabilis* (3.33±0.88), *Klebsiella pneumoniae* (13.00±1.15 mm) and *Pseudomonas aeruginosa* (NMZI).Two of the tested organisms have been previously implicated in food poisoning diseases- *E. coli* and *P. aeruginosa*[@R47]--[@R49]. This indicates the potential of the extract as an alternative source in combating the ailment though the activity was observed moderate against *E. coli*. The inhibitory effect of the diluent-10 % DMSO was insignificant. The test organisms can be considered susceptible to the extract and positive control when the MIC values were compared with MIC break point values (8 mg/ml) elsewhere[@R50]. It was observed from the minimum inhibitory concentration (MIC) values presented in [Tables 2](#T2){ref-type="table"}, that the highest MIC of 3.13mg/ml was recorded against *Proteus mirabilis* while *Staphylococcus saprophyticus, Klebsiella pneumonia* and *Escherichia coli* had the same MIC value of 1.56 mg/ml. The extract at 3.13 mg/ml had same bacteriocidal activity against all the test organisms ([Table 2](#T2){ref-type="table"}).

The qualitative phytochemical analysis carried out on both the aqueous extract and crude sample of *C.citratus* leaf revealed that the plant had a good number of secondary metabolites (Saponin, flavonoids, glycosides, carbohydrates, steroids, terpenoids, and alkaloids) ([Table 4](#T4){ref-type="table"}). These bioactive components are important and have shown to have medicinal and physiological effects[@R39]. Saponins have been reported to have antifungal properties[@R51] while steroids was reported by Okwu[@R52] to be important and of interest to pharmacy as it is the starting material in the synthesis of sex hormones. The presence of these phytochemicals in *C. citratus* leaves suggest the plant is pharmacologically active which lend supports to claims of its ethnomedical uses.

Interestingly, proximate analysis of plants (medicinal, edible fruits and vegetables) had been shown to play crucial role in assessing their nutritional significance and deepen the understanding of the values of these plants[@R14]. It was observed that nitrogen free energy (carbohydrate) had a reasonably high percentage composition of 47.01±0.012% in the crude sample as against 29.61±0.005 in the aqueous extract of *C. citratus* leaves ([Table 5](#T5){ref-type="table"}).

The aqueous extract of *C. citratus* displayed a relatively cytogenotoxic activity against the *Allium cepa* roots. The macroscopic parameters (morphology) observed during the root growth of the *Allium cepa* differs in respect to the different concentrations of the extract ([Table 6](#T6){ref-type="table"}). The average root length were found to be between 1.84--2.74 cm at a concentration range of 0.25 -- 1 mg/ml as against a measured root length varying between 3.79 -- 5.76 cm recorded for *Artemisia annua* at a concentration range of 450 -- 1800 mg/ml[@R53]. The genotoxic and cytotoxic effect of the extract became apparent following the different number of chromosomal aberrations noted (Figure 1). The Sticky chromosomes observed probably occurred due to the degradation or depolymerization of chromosome DNA[@R18] or as a result of DNA condensation and stickiness of inter- chromosome fibers[@R54]. The occurrence of these aberrationssuggest the plant may be genotoxic and in turn can be a good anti-tumour agent.A reduction in the number of dividing cells as the concentration of the extract increased was noticed. This has also been found in a similar report by Timothy et al[@R1], while assessing the cytogenotoxic effect of Icacina tricantha leaf extract. This is an indication of the mitodepressive effect of the extract on the cell division of the onion which also reflect the potential ability of the extract to block DNA synthesis and nucleus-proteins. The mitotic index values were found to be lower when compared to the control ([Table 7](#T7){ref-type="table"}). Increased in the concentration of the aqueous extract of *C. citratus* showed a decreased in the mitotic index values and the number of aberrant cells was also observed to increase with the concentrations. This decreased mitotic index values suggest that the plant may be toxic at the tested concentrations.

Conclusion
==========

According to these findings, the aqueous extract of *C. citratus* had inhibitory activities against the pathogenic organisms isolated from semen. The findings also reveal the plant contain bioactive chemical compounds. The observed antibacterial activities of the extract justify some of the folkloric claims of the plant in treating infectious diseases whereas the cytogenic effects calls for caution while consuming the plant. It is recommended that further clinical studies be carried out on the isolated pathogens and other associated infectious pathogen.
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